A bacteriological study of blue milk by Hammer, B. W.
Volume 1
Number 15 A bacteriological study of blue milk Article 1
1914
A bacteriological study of blue milk
B. W. Hammer
Iowa State College
Follow this and additional works at: http://lib.dr.iastate.edu/researchbulletin
Part of the Agriculture Commons, Bacteriology Commons, and the Dairy Science Commons
This Article is brought to you for free and open access by Iowa State University Digital Repository. It has been accepted for inclusion in Research
Bulletin by an authorized editor of Iowa State University Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Hammer, B. W. (1914) "A bacteriological study of blue milk," Research Bulletin: Vol. 1 : No. 15 , Article 1.
Available at: http://lib.dr.iastate.edu/researchbulletin/vol1/iss15/1
Research Bulletin No. 15 February, 1914 
A BACTERIOLOGICAL STUDY OF 
BLUE MILK 
BY B. W. HAMMER 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE AND 
THE MECHANIC ARTS 
DAIRY SECTION 
AMES, IOWA 
I • 
A BACTERIOLOGICAL STUDY OF BLUE 
MILK 
BY B. W. HAMMER. 
In October, 1913, the receipt of a sample of blue milk by the 
dairy section of the Iowa Agricultural Experiment Station 
prompted an investigation of this uncommon phenomenon. 
Careful study of the organism involved proved it to be Bac. 
cyanogenes, the same organism that has been isolated in other 
instances of blue milk. As far as is known, this organism is en-
tirely harmless and milk which is turned blue by it is obj ection-
able only on account of its color. 
rfhis case of blue milk belongs to that group of abnormal fer-
mentations which is characterized by a change in the color of 
the milk and is known accordingly as "the color fernientations." 
The general relationship of micro-organisms to these changes 
has long been known, while in a number of cases they have been 
carefully investigated and the responsible organisms isolated. 
The colors produced in milk are extremely variable and are 
said to include all colors of the spectrum. The portion of the 
milk affected likewise varies a great deal: sometimes it is only 
the surface or a part thereof; occasionally, the bottom layers 
only are influenced; in other cases the entire mass may be 
changed, while in others still different distributions of the color 
are found. 
Investigations have shown that the production of color by 
bacteria depends in general upon the various conditions of cul-
tivation, important among which are the oxygen available, the 
medium used, the temperature employed and the presence or 
absence of light. Except in those cases in which the pigment 
is thought to function similarly to the chlorophyll of higher 
plants, the production of pigment by an organism is not known 
to be of any use to it. In some of the most striking examples 
of pigment production, the pigment is set free, the organisms 
themselves being colorless, and this has led to the suggestion that 
the production of pigment occurs simply because some of the 
excretory products of the organisms happen to be colored. The 
facts that the pigment producers vary widely in their general 
characteristics, do not fall into a natural group, and have but 
little in common aside from the production of color, also give 
support to this idea. 
The wide range of colors produced in milk by micro-organisms 
is undoubtedly due to the fact that milk furnishes a suitable 
food supply for so many organisms, and among these it is to be 
expected that forms capable of prorl\J·:ing color in mil k wi ll 
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be found. The production of pigment in milk under natural 
conditions is largely influenced by the remainder of the bacterial 
flora. In some cases, certain organisms, aside from the pigment 
producers, have an action that is antagonistic to those forms 
and, presumably as the results of such action, there are organ-
isms that produce color in milk in pure culture but which have 
never been isolated from an outbreak of colored milk. On the 
other hand an associative action sometimes exists; this is exem-
plified by the production of a more intense color by certain 
organisms in raw milk, with its lactic acid forms, than in steril-
ized mille 
Of the color fermentations of milk, the blue seems to be re-
garded as most important by a majority of the writers in the 
field of dairy bacteriology. Milk may, however, have an ab-
normal blue appearance due to other causes than tht growth of 
micro-organisms therein. Olsonl in a report on, "Rusty Cans 
and Their Effect upon Milk for Cheesemaking," writes as fol-
lows: "Milk which had been allowed to stand in iron dishes 
for several hours had a peculiar bluish grey color, indicating 
the presence of iron in solution." A number of investigators 
have claimed that the consumption of certain plants by milk 
producing animals may result in an abnormal blue color in the 
milk secreted, but the data along this line are more or less con-
flicting. There seems to be no doubt, however, but that the ab-
normal appearance of a blue color in milk is, in the great 
majority of cases, caused by the growth of micro-organisms in 
the milk. 
THE STUDY OF THE IOWA SAMPLE. 
The sample of blue milk investigated by the Iowa Experiment 
station was sent to the Dairy Department of Iowa State College 
by one of the small dairymen of the state. On arrival the milk 
was sour and curdled and showed a number of small blue masses 
in addition to a blue tinge throughout. The sample was secured 
at the home of one of the customers of the dairyman and was 
accompanied by a second sample, sent directly from the farm, 
in which no blue color had developed. The latter sample failed 
to develop a blue color when allowed to stand at the tempera-
ture of the laboratory. 
In the study of the milk, agar plates were poured from cer-
tain of the blue masses and other blue masses were inoculated 
into flasks of milk, some of which were raw, some pasteurized, 
and some sterilized. All of these flasks soured rapidly with-
out the development of any blue color, due presumably to the 
rapid growth of the lactic acid types. 'l'he agar plates developed 
a large number of Bact. lactis acidi colonies and in addition a 
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considerable number of colonies of a very different and much 
larger type. These larger colonies were picked off, streaked on 
agar slopes and then reinoculated into raw, pasteurized and 
sterilized milk. After three days one of the inoculated flasks of 
raw milk that had soured showed a single small blue area on 
the surface; from this area, plates were again poured and what 
apparently was the same organism appeared in large numbers 
after incubation. A number of cultures secured from the plates 
all produced a blue coloration on inoculation into flasks of milk. 
THE INVEiSTIGIATION AT THE FARM. 
It was deemed advisable to make a trip to the farm of the 
dairyman, who sent in the sample, Mr. A., to get as much in-
formation as possible regarding the appearance and distribution 
of the trouble. 
At the time of the appearance of the blue milk, Mr. A. was 
milking three grade cows and supplying milk to ·18 families. 
Blue milk was observed only three times and all of the cases 
occurred in the course of one week. The trouble appeared twice 
in one household and once in another and in all three of the 
cases the milk was sour at the time the coloration was observed, 
although it is quite possible that the color may have been present 
before the milk soured. In the only case regarding which 
definite dates could be secured, the Wednesday milk was ob-
served to be blue on Saturday. The two families that ob-
served the blue milk live side by side and are related and dishes 
and pans not uncommonly pass from one household to the other. 
In each house the milk was kept in an ice box standing in the 
kitchen and containing no ice. 
Mr. A's farm is on the edge of a small town and the milk sold 
by him is delivered very soon after milking, all of the customers 
living within a few blocks. The stable is very ordinary in ap-
pearance and there is a loft overhead. No special attempt is 
made to produce milk having a low bacterial count, although the 
udders are wiped with a dry cloth just before milking. Accord-
ing to Mr. A., there was no udder trouble during the time that 
the blue milk was observed. He was very much interested in 
the blue milk when it was called to his attention. Thinking that 
the container might be responsible, he secured from one of the 
households having the trouble, a pan which had held the blue 
milk and took it to his farm, filled it with milk and allowed it to 
stand. Two or three small blue areas appeared on this pan of 
milk and these included all the blue milk that was observed at 
the farm, although a considerable number of samples of milk 
were set aside with the idea of seeing whether or not they would 
develop a blue color. 
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Inasmuch as only three cases of blue milk were observed ~nd 
these at a time previous to the visit to the dairy farm, no at-
tempt was made to determine the source of the organism. The 
fact that the trouble occurred in only two households out of 
eighteen and, that these two were quite closely associated, in-
dicates that the infection of the milk took place in the house-
hold. This explanation is also suggested by the failure of the 
blue milk to appear at the dairy farm, except in a pan brought 
from the home of one of the customers having the troubk 
DESORIPTION OF THE BLUE MILK ORGANISM. 
. The organism isolated was examined morphologically, cul-
turally and bio-chemically, the description as determined in the 
dairy bacteriology laboratory of Iowa State College being as 
follows: 
MORPHOLOGY. 
Form- The organism was rod shaped. 
Size.-In young agar cultures the width of the organism was abol\t 
0.5 of a micron, while the length varied from 1.2 microns to 2 
microns. In older cultures the dimensions were somewhat less. 
Arrangement-In agar cultures the organisms were frequently ar· 
ranged in pairs and occas,ionally in chains of three or four, although 
many of the organisms were isolated. 
MotiUtY-24 hour bouillon cultures of the organism showed an 
active motility'. 
Staining reactions-The organism stained readily with the ordi-
nary stains. Methylene blue showed considerahle variation in the 
intensity with which it stained different organisms in the same 
culture-of two organisms side by side one frequently stained very 
heavily and the other only lightly. The Gram stain was negative, 
Bact. lactis acidi serving as a positive control. 
Spore formation-Stained preparations occasionally suggested 
spores. Both one day and seven day cultures, however, failed to 
resist 80° C for five minutes, so spore formation must be consid· 
ered as absent. 
CULTURAL CHARACTERISTICS. 
Agar streak-Cultures showed a heavy white, non·viscid growth, 
with a tendency to spread; there was a turhidity in the water of 
condensation, particularly in young cultures. In older cultures, 
the growth was white to dirty white and the agar just beneath 
the growth had a brownish tinge. The greater part of the sur-
face of the slope was covered with the growth. 
Agar Stab-Cultures showed spreading surface growth, that rap· 
idly decreased down the line of punctur·e. In older cultures the 
agar near the growth had a brownish color. 
Agar Plate OoZOnies-Colonies were large when on the surface and 
showed a b~lli::;h cast; edge 9uite smooth. The deep coloniEs were 
round to oval and &mall in size. 
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Gelatine Stab-There was a heavy surface gJ,'owth alo,ng the line 
of puncture that decreased rapidly downward. Just beneath the 
surface growth there was a brownish black color in the med,ium. 
No liquefaction was c;>bserved. 
Bouillons- Both plain bouillon and bouillons to which additions 
had been made, showed a heavy growth, which occurred as a tur-
bidity, a sediment, and frequently as a pellicle that readily fell 
on agitation. In some of the bouillons to which various material 
had been added a color, varying from a yellow to a brown or blue, 
developed. The most intense color, a blue, occurred in dextrose 
bouillon. Glycerine bouillon showed a bluish green tinge while 
laevulose bouillon showed a brownish tinge. Sucrose, mannit, 
raffinose and lactose bouillons showed a slight brown color. In 
plain and starch bouillons there was no color change. Malt-
ose, salicin and inulin bouillons all showed a greenish tinge. Whil e 
the different cultures of the organism studied varied somewhat in 
these color reactions, in general, they were as described w~en 
grown at room temperature; at 37° C. no production of color was 
observed, except possibly a very slight yellow in some cases. 
Potato-The growth was luxuriant, being dirty white and raised 
in character in young cultures. In older cultures the growth cov-
erEd much of the surf'ace of the potato and was from a light to a 
dark brown in color. 
Dunham's Solution-In young cultures' there was a slight turbidity 
and a thin pellicle, which readily fell on agitation. In older CUl-
tures there was considerable sediment. . 
Usohinsky's Solution-TIl'ere was a heavy turbidity, sediment, and 
easily broken pellicle in young cultures. In older cultures there 
was a greenish brown color which was present mainly near the 
surface. 
Whey-Natural whey gave no growth, undoubtedly due to the 
acidity present. . 
Milk-Treated quite extensively later. 
BIO-OHEMICAL FEATURES. 
Gas production-No gas formation was observed when the organ-
ism was grown in bouillons in the presence of either glycerine, 
dextrose, laevulose, lactose, sucrose, maltose, mannit, salicin, raf-
finose, inulin, or starch. 
Oxygen r elation-No growth occurred in the closed arm of the 
fermentation tubes. 
Indo'l production-No indol production was detected, even in four-
teen day old cultures. 
R eacUon chan,ge-The reaction change in plain bouiLlon aI\d in 
bouillons conta~ning various materials is shown in Table 1. The 
figures represent c.c. 'of n j 20 NaOH required for 5 c.C. of bouillon. 
It will be seen that at room temperature, in dextrose bouillon, 
in which there was the greatest color, there was also considerable 
acid Produced. All of the other bouillons became alkaline except 
the glycerine and laevulose bouillons, and in these the reaction 
remained practically the same. At 37° C. there was considerable 
acid production in both dextrose and laevulose 'bouillons. 
PATHOo-ENICITY~Guinea pigs were used in the pathogenicity tests 
and were inocl,Ilated with organisms from agar slopes as well as 
with milk cultures. Only three animals were. inoculated but none 
0; ' these manifested the slightest indisposition so further experi-
ments were thought to be useless and the work was disconti~ue,d. 
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TABLE 1. SHOWING THE REACTION CH;'\.NGE IN BOUILLONS TO 
WHICH VARIOUS ADDITIONS HAD BEEN MADE. 
Results expressed as c.c. of n/20 NaOH required for 5 c.c. of bouillon. 
Cultures grown at room temperature, and at 37°C. 
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THE ACTION OF THE ORGANISM ON MILK. 
The action of the organism on milk is its most important 
characteristic from the' standpoint of the dairy bacteriologist. 
It was found possible to produce a color in raw milk, in 
pasteurized milk, and in sterilized milk, although the color 
produced was markedly influenced by the previous treatment of 
the milk. 
Raw milk invariably developed a color sooner than pasteur-
ized or sterilized milk and the color was also a brighter blue 
as a rule, being in some cases a sky blue. Pasteurized milk in-
oculated with the organism developed a more intense color than 
sterilized milk and, in some cases, (apparently influenced largely 
by the organisms surviving pasteurization) the color developed 
approximated that developed in raw milk. It was noticed that 
pasteurized milk which curdled quite rapidly, due to the pro-
duction of acid, gave a good color development as a rule. In 
sterilized milk the color production was poor and is best de-
scribed as a bluish grey rather than as a blue. In milk to 
which glucose was added before sterilization, as suggested by 
Lehmann," the · color produced was more intense than in or-
dinary milk. Table II shows the reaction produced by two 
cultures of the organism after 11 days at 20° C. both in ster-
ilized milk and in milk to which 2% glucose was added before 
sterilization. 
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PLATE I. 
Color production and distribution in a sample of 
raw mill, inoculated with Bac. 
c1Janogenes (20°C.). 
474 
PLATE II. 
Color production and distribution in a sample of raw 
milk Inoculated with Bac. 
cyanogenes (20°C.). 
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PLATE III. 
Color production and distribution in a sample of 
sterilized milk inoculated with Bac. cyanogenes 
and then after 48 hours with Bact. 
lactis acidi (20 0 C.l. 
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. PLATE IV. 
Color production and distribution in a sample of 
sterilized milk inoculated with Bac. 
cllanogenes (20°C . ). 
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TABLE II. REACTION AFTER 11 DAYS AT 20° C. 
------ --
~n~~: ~ ::::::::::::::::::1 
Acidity in sterilized milk 
.09% 
.11% 
Acidity in milk to which 2' 
glucose was added before 
steriJization 
.18% 
.16% 
Table III gives the reactions produced by 6 cultures in 
sterilized milk and in milk to which 2% glucose was added be-
fore sterilization, the incubation being for 20 days at 20° C. 
TABLE III. REACTION AFTER 20 DAYS AT 20° C. 
· 1 
Culture L ________________ _ 
Culture 2 ___________ _____ _ _ 
Cu:ture 3 ____ __ ___ ________ _ 
Culture 4 __ ___ ____________ _ 
Culture 5 ___ ___ . __________ . 
Culture 6 ___ ___ •... _. ____ _ 
B1ank __ __ _____ ______ _ . ____ _ 
Reaction in sterilized milk 
Faintly alkaline 
Faintly alkaline 
Faintly alkaline 
Faintly alkaline 
Faintly alkaline 
Faintly alkaline 
.16% acidity 
Acidity in milk t o which 2'; 
glucose was added before 
steriJization 
.46% 
.47% 
.46% 
.48% 
.47% 
.47% 
.16% 
From these two tables it is evident that an increase in the 
intensity of the color was accompanied by an increase in acidity. 
In lactose bouillon no blue color was produced but on in-
oculating Bact. lactis acidi with the organism under considera-
tion, a definite blue color was secured. 
Table IV gives the reactions of tubes of 2% lactose bouillon 
so inoculated and, for comparison, the reactions of tubes of 
lactose bouillon inoculated with the blue milk organism alone. 
TABLE IV. REACTION IN LACTOSE BOUILLON. 
Culture L _____________ ___ _ 
Culture L ___________ ___ __ _ 
Culture 5 ___ __ __ . ___ . _____ _ 
Reaction in Lactooe Bouillon 
inoculated with blue milk 
organism 
Faintly alkaline 
Faintly al k aline 
Faintly alkaline 
1 
Acidity in Lactose Bouillon 
inoculated with b;ue milk 
organi.m and Bact. 
lactis acidi 
.22% 
.19% 
.29% 
The influence of acid production on the development of color 
is further shown by the fact that the addition of Bact. lac tis 
acidi to milk cultures of the blue milk organism (either freshly 
inoculated or a number of days old) resulted in a great increase 
in the intensity of the color. ' 
4,7:8 
In no case was it possible to produce a blue color in milk 
held at 37 0 C., no matter what the previous treatment of the 
mi,lk had been. The same temperature influence was found to 
hold for the various bouillons and it seems that the higher 
temperatures are unfavorable to the production of color. No 
attempt WIj.S made to determiue the lowest temperature which 
would prevent the formation 0] color, but both room tempera-
ture and 20 0 C., allowed the rapid production of color. 
The portion of the milk iu which the blue color developed 
varied widely. In some cases small blue areas appeared on the 
surface of the milk, in others the flasks of milk were almost 
uniformly blue throughout, while in still others the color was 
most intense over a part or the whole of the surface, and in 
addition penetrated a short distance down into the milk layer. 
The previous treatment of the milk apparently had an important 
influence on the distribution of color throughout the sample and 
it was evident that pasteurization as well as sterilization favored 
the production of color uni~ormly throughout the sample, while 
in raw mi~k, the color was, in the main, present only at the 
surface. In raw milk, the development of molds on the surface 
of the soured material frequently ~e:r;tded to cover up the blue 
color and sometimes resulted in leaving only a blue band next 
to the glass. 
Color production was found to occur in skim milk, in whole 
milk and in 'cream, and in all cases, the color production was 
greatest at and near the surface in the raw material. A com-
parison of the amounts of color produced is difficult on account 
of the masking effect of the yellow color of the cream and the 
cream layer of the wl;lole milk. In all three cases, however, it 
can, be said that an intense color was produced and that from 
the standpoint of usability the :r;naterial would have been value-
less on account of the color change. 
From table III it is evident that milk inoculated with the blue 
milk organism was alkaline after a considerable period of de-
velopment. This was also apparent from the tubes of litmus 
milk inoculated with this organism; the color of the litmus in-
dicated an alkaline reaction and in addition there was a slight 
reduction of the litm\ls in the bottom of the tubes. 
In old cultures the milk looked decidedly brown and appeared 
as though there had peen a partial digestion of the casein. No 
determinations of the amount of soluble nitrogen present was 
D;l,ade, however. 
Because no blue color was produced on the inoculation of 
material from the original sample into milk it was thought that 
the exposure of the blue milk organism to a considerable acidity 
might result in its destruction. Trials showed, however, that 
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the organism could be recovered by the plate method from blue 
milk that was very sour and that on inoculation of these cul-
tures into milk a blue color was again produced. 
Since there is no color production in milk at ' 37' C., it was 
believed thatcon:tinued cultivation at this temperature would 
result in estahlishing a colorless race. After growing the organ-
isms at 37' C. for 10 generations during a period of about 18 
days, however, no change in its ability to produce color wall 
apparent on its return to room temperature. 
Attempts to produce a blue color on pieces of old cheese by 
the inoculation of the organism from agar slopes were unsuccess-
ful, although in certain cases enormous amounts of inoculating 
material were used. This does not necessarily meaIl;, however, 
that the organism never could be of any importance in the 
cheese industry, because it is possible that under certain con-
ditions color production might occur. ' 
Figs. 1, 2, 3 and 4 illustrate the color produced by Bae. 
eyanogenes, and figs. 5, 6 and 7 show the appearance of the 
organism on magnification. 
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HISTORIOAL. 
Blue milk was early observed and reported, but Steinhof2 
(1838), who was able to cause its disappearance by the use of 
disinfectants, was apparently the first to recognize the presence 
of an infectious material. Fuchs' (1841) carried on the first 
bacteriological investigations of this fermentation and although 
he was unable to isolate the causative organism due to a lack of 
proper methods he named it Vibrio eyanogenes. Hueppc' (1884) 
was the first to obtain a blue milk organism in pure culture. It 
is thus evident that the work on blue milk goes back to the early 
days of bacteriology when the science was in the formative _ 
period; in all probability the blue fermentation of milk was the 
first to be investigated. In addition to those already mentioned 
other investigators12 have studied the questIon of blue milk 
and the organism that has been most frequently found is Bae. 
syneyane11m or, as it is more commonly called, Bae. cyanogenes. 
In addition to Bae. eyanogenes, however, a number of other 
organisms that are able to produce a blue· or a blue green color 
in milk have been described. These have recently been reviewed 
by W olff5 and accordingly will not be considered here in detail; 
some of these, as far as it is possible to determine, have never 
been isolated from a case of blue milk occurring naturally and 
accordingly are of little consequence as a cause of this color 
fermentation, except in the identification of species. On account 
of its relationship to Bae. cyanogenes it seems advisable to men-
tion Bae. eyaneo-fl1wreseens that was described by Zangemeister6 
(1895). This form was isolated from a sample of blue milk and 
is believed by its discoverer to be closely related to Bae. 
eyanogenes and a fluorescent type. More recently it has been 
shown that an oidium'-u may be associated with blne milk 
bacteria in the appearance of a blue color, the oidium taking up 
and hoarding the pigment produced by the bacteria. 
In Europe quite serious outbreaks of blue milk have occurred 
and there the trouble apparently has been of considerable prac-
tical importance. Although the condition is very generally re-
ferred to in American text books, the question of blue milk hl,ls 
been of practically no importance here and the most prominent 
dairy bacteriologists of the country, such as Conn, Harding, 
Hastings and Marshall, are unacquainted with any actual out-
breaks of the trouble, according to letters received from them. 
The organism, however, has been isolated in this country. Conn, 
Esten and Stocking' in their "Classification of Dairy Bacteria" 
have described Bae. eyanogenes and the statement is made that 
the culture worked with was received from Duckwall. A com-
munication from Duckwall states that the culture was obtained 
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from a "sample of milk sold in Aspinwall CPa.) by a farm 
dairy near here. The milk has a decided bluish cast and gave 
quite a number of colonies." 
Although the descriptions of BaG. Gyanogenes as published 
by various systematic bacteriologists vary a great deal, it is 
quite evident that the organism isolated from the case of blue 
milk investigated is BaG. Gyanogenes. The relation of the acid 
developed to the production of an intense color is in all prob-
ability quite distinctive. Although Conn, Esten and Stocking 
got a development of blue color in lactose bouillon and not in 
dextrose bouillon, in Duckwall's'· report the results were re-
versed. The data obtained here on this point agreed with that 
of Duckwall and there is every reason to believe that they are 
correct, as a number of batches of media were prepared to be 
certain that a mistake in labeling had not been made. Conn, 
Esten and Stocking also report the production of spores while 
Duckwall states that spores may be produced; in the work done 
here no spores could be demonstrated in bouillon by the heat 
test, and among foreign investigators, the absence of spore form-
ation seems to be quite generally recognized. Other varia-
tions of minor importance also occur in the published descrip-
tions of BaG. Gyanogenes. These variations were likewise present 
in the older descriptions of the organism and led Zangmeister 
to suggest that the cultures examined in the different institu-
tions were not absolutely identical. 
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